In this study, the proton is taken as an ensemble of quark-gluon Fock states.
The composition of hadrons in terms of the fundamental quark and gluon degrees of freedom is a central focus of hadronic physics. In the light-cone Fock state description of bound states [1] , each physical hadron state is expended by a complete set of quark-gluon Fock states as |h = i,j,k c i,j,k |{q}, {i, j, k}, {l} ,
where {q} represents the valence quarks of the hadron, i is the number of quark-antiquark uū pairs, j is the number of quark-antiquark dd pairs, k is the number of gluons, and {l} represents the heavy flavor (s, c, b, and t)pairs which will be neglected at first in this study. There have been many progress in understanding the hadron structure in terms of the underlying quark and gluon degrees of freedom. For example, we can obtain the lowest valence Fock state |{q} by the quark model [2] . We can also model the next higher |{q}, {qq} Fock states by the energetically-favored baryon-meson fluctuations [3] . The Fock states with gluons, |{q}, {g} , have been also studied [4] . However, we are still lacking a comprehensive understanding concerning the completed set of Fock states for hadrons, even for the proton.
In this work, we will provide a complete set of Fock states for the proton from a simple statistical consideration. By (1) , it means that we take the proton as an ensemble of quarkgluon Fock states. The probability to find the proton in the |{q}, {i, j, k} Fock state is
where ρ i,j,k satisfies the normalization condition,
Therefore the parton numbers of quarks and gluons in the proton are
where u v = 2 and d v = 1 are the valence quark numbers of the proton. These parton numbers can be measured by deep inelastic scattering of leptons on the proton target. The quarks and gluons in the Fock states are the "intrinsic" partons of the proton, since they are multiconnected non-perturbatively to the valence quarks [3] . Such partons are different from the "extrinsic" partons generated from the QCD hard bremsstrahlung and gluon-splitting as part of the lepton scattering interaction.
Using statistical property of the ensemble, the probability ρ i,j,k can be calculated without any parameter in the following way. Let us trace one system (a proton) in the big ensemble (a set of quark-gluon Fock states). At the time t = 0, the system is in one state of a subensemble (A = |{q}, {i, j, k} ). After a while, at the time t = δt, the state of this system has three probabilities: (1) does not change; (2) changes to another state that belongs to the same subensemble (A); (3) changes to a state that belongs to a different subensemble
In the last case, the density of subensemble (A) decreases (ρ A ↓).
On the other hand, some states in subensemble (B) will be changed to subensemble (A) during the same period, and increases the density of subensemble (A) (ρ A ↑). These two processes, which are in opposite direction for each other, just compensate for each other, so ρ A keeps unchanged. This is the so called detailed balance, which demands every two subensembles to balance with each other. So we have
where N{A → B} implies the number of processes that transfer A into B, i.e., the transfer rate of A → B.
In order to know ρ i,j,k , the probability of finding the proton in the Fock state A, all what we need to know is the ratio between the transfer rate of A → B and the transfer rate of B → A. In the realistic situation, the transfer rate is very complicated and it involves many factors, such as: the proton size, the quark mass, the parton numbers, the quantum numbers (color,spin,flavor), cross sections of sub-processes, exchange symmetry (Pauli blocking), the velocity and even the details of the quantum wave functions of partons. Here, among all these factors, we only take into account the number of partons from a pure statistical consideration.
We also neglect the interaction involving g ⇔ gg at first. We will find, surprisingly, that our simplified calculation gives the correct light flavor sea-quark asymmetry, i.e.,ū =d, which has been observed in experiments [5] [6] [7] [8] [9] [10] . This implies that the number of valence quarks controls the statistical property of the proton.
The transfer between two subensembles has two ways: splitting and recombination.
Splitting rate is proportional to the number of partons that may split. Recombination rate is proportional to both the number of those two kinds of partons that may recombine. So we have the following two kinds of relations:
(1) Detailed balance involving q ⇔ qg gives the relation
then a general formula can be derived using formula (7),
(2) Detailed balance involving g ⇔qq gives the relation
Then a general formula can be derived using formula (7),
Using relation ρ i,j,1 = ρ i,j,0 gotten from formula (16) to these two new formulae, we get
Combing formulae (16) and (28), we obtain the general formula
Then from the normalization condition (3) and formula (29), all ρ i,j,k can be calculated as shown in TABLE I .
From TABLE I, we get the numbers of intrinsic gluons and sea quarks of the proton,
These parton numbers should be considered to work at a scale for the "intrinsic" partons, and the details need further studies. It is very interesting that only from the pure statistical consideration, we get an asymmetry between the light flavor u and d sea quarks, i.e.,ū =d, which has been observed in deep inelastic scattering and Drell-Yan experiments [5] [6] [7] [8] [9] [10] .
Moreover, the flavor sea-quark asymmetryd −ū can be checked by experiments directly because its Q 2 dependence is small. It is a surprise that our result is in excellent agreement with the recent experimental result [10] d−ū = 0.118±0.012. This good agreement indicates that the principle of detailed balance plays an essential role in the structure of proton.
We now check whether the inclusion of the process g ⇔ gg can change the above conclusion. We make the similar analysis on the two kinds of relations:
(1) Detailed balance involving q ⇔ qg and g ⇔ gg gives the relation
· · · (37)
where
. Then a general formula can be derived using formula (7),
(2) Detailed balance involving g ⇔qq has no effect by the process g ⇔ gg so the Eq. (28) remains unchanged.
Combining (41), (28), and the normalization condition (3), all ρ i,j,k can be calculated as shown in TABLE II. From TABLE II , we get the numbers of intrinsic gluons and sea quarks of the proton,ū
which are very close to the situation without considering g ⇔ gg, except for the gluon number with a bigger difference of 10%. Here the flavor sea-quark asymmetryd −ū is also in good agreement with the recent experimental resultd −ū = 0.118 ± 0.012.
We point out here that the heavy quark-antiquark pairs are not considered in this paper.
Taking them into account is not so simple and may introduce some parameters, and this is beyond the simple spirt of this paper. So we neglect them in this study, though there have been suggestions of "intrinsic" strange [3] and charm [11, 12] of the proton. We also need to check the applicability for the statistical method to model the structure of the nucleon.
The total number of intrinsic partons inside the proton is around
= 2 + 1 + 2ū + 2d + g = 5.5,
which is a small number of particles for the feasibility of the statistical method. The success of this study suggests us to apply the statistical method to the hadronic structure studies, though its range of applicability should be very limited. It is necessary to apply the statistical method from more sophisticated consideration. Similar application can be also extended to other baryons.
In summary, we studied the proton structure as an ensemble of quark-gluon Fock states.
Using the principle of detailed balance, the probabilities of finding the proton in every Fock states are obtained without any parameter. A new origin of the light flavor sea quark asymmetry, i.e.,ū =d, is given as a pure statistical effect. It is found thatd −ū ≈ 0.124, which is in surprisingly agreement with the experimental observation.
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